After the invention of the Reserve Option Mechanism (ROM) by the Central Bank of Turkey, it has been debated whether it can help decrease the volatility of foreign exchange rate. In this study, I apply a new microeconometric technique, the synthetic control method, in order to construct a counterfactual foreign exchange rate volatility in the absence of the ROM. I find that, USD/TRY rate is less volatile under the ROM. However, the ROM has not worked efficiently after the announcement of FEDs tapering in May 2013. Furthermore, the ROM could have decreased the volatility of foreign exchange rate if FED had not started tapering.
Introduction
The invention of the Reserve Option Mechanism (ROM) by the Central Bank of the Republic of Turkey (CBRT) has shed light on the alternative policy instruments, namely macro-prudential tools, which can be used to mitigate exchange rate volatility. Between its adaption in September 2011 and FED's tapering in June 2013, the level of USD-TR exchange rate and its volatility have both followed a steady path due to the automatic stabilizer feature of the ROM. However, FED's tapering caused capital outflows in Turkey like in other emerging countries and resulted in depreciation of the exchange rate. These developments led people to ask two main questions? Does the ROM really work? Would the ROM have worked as expected in the absence of the tapering?
The ROM basically allows banks to hold a certain ratio of their Turkish lira reserve requirements in foreign exchange and/or gold. It is designed in such a way that it will act as an automatic stabilizer during capital inflows and outflows. While capital inflows will make foreign exchange relatively cheaper and induce banks to hold more reserves in foreign exchange, capital outflows will make the Turkish lira relatively cheaper and induce banks to hold less reserves in foreign exchange. As a consequence, appreciation and depreciation pressure on the Turkish lira will be eliminated without a need of central bank intervention. Thus, the ROM has the potential to decrease exchange rate volatility and act as an automatic stabilizer. Figure 1 shows the behavior of USD-TRY exchange rate and its volatility.
1 . Both the level and volatility of the exchange rate are stabilized until the tapering. However, the Turkish lira kept depreciating and became volatile since the end of May 2013.
The depreciation of the exchange rate has been mainly caused by the capital outflows but the ROM should have abolished depreciation pressure as an automatic stabilizer. However, as Aslaner et al. (2015) argue, CBRT's systematic response to the tapering by increasing the short term interest rates deteriorated the ROM's automatic stabilizer feature unexpectedly. CBRT has been using overnight borrowing and lending interest rates in addition to its policy interest rate, which is 1-Week Repo rate. Table 1 presents the short term interest rates of CBRT since the establishment of ROM. CBRT initially increased overnight lending interest rate in July and August 2013 but increased all the short term interest rates drastically in January 2014. Although, CBRT's main intention was to avert capital outflows, it has also increased the cost of Turkish lira funding, which has led Turkish banks to hold more reserves in relatively cheaper foreign exchange. Figure   2 illustrates net capital flows and the utilization of the ROM. During the successful phase of the ROM, the amount of foreign exchange in the ROM increases as Turkey attracts capital flows. After the tapering, the amount of foreign exchange in the ROM decreases in response capital outflow as expected until August 2013.
1 Volatility-1 and Volatility-2 are percent changes from 3 months and 1 month before, respectively
However, it started increasing again after CBRT raised the short term interest rates. As a result, the rise in the utilization of the ROM despite the capital outflows weakened the stabilizer mechanism of the ROM.
In a similar sense, Aslaner et al. (2015) finds that the cost of Turkish lira funding is the underlying driving force behind the utilization of the ROM. Thus, the behavior of Turkish banks rules out the foreign currency liquidity concern, which enables the ROM to work as a stabilizer.
The only possible way of estimating the precise impact of the ROM is to construct a counterfactual exchange rate volatility and calculate the difference between the two. However, this would be only possible if we had two parallel universes, one with the implemented ROM and one without. We would also need another universe to investigate whether the ROM could have worked efficiently if FED did not have the tapering. The synthetic control method (SCM) offers a solution to this problem by constructing a counterfactual exchange rate volatility with a data-driven method. Thus, the SCM can be used to understand whether the ROM did really worked until the tapering and could have worked as an automatic stabilizer in the absence of the tapering In this study, I construct a counterfactual exchange rate volatility using the SCM and estimate the impact of the ROM on the exchange rate volatility. I find that the ROM did work efficiently and stabilized the volatility of the exchange rate until the tapering. I also show that the ROM would have worked better in the absence of FED's tapering. My optimization algorithm and placebo tests confirm that my findings are robust. To the best of my knowledge, this is the first empirical study that utilizes the SCM in assessing the impact of ROM on exchange rate volatility.
The rest of the paper is organized as follows. While Section 2 details the literature review, Section 3 and 4 present the methodology and the data, respectively. Finally, Section 5 presents the findings and Section 6 concludes the paper.
Literature Review
Since the ROM is only used by CBRT, there are only a couple of papers in the literature. Alper et al. (2013) is a good starting point to understand how the ROM works. They introduce the ROM and compare it with alternative models. Their findings show that ROM can decrease the exchange rate volatility and it can be used as a useful policy tool for macroeconomic and financial stability. Kucuksarac and Ozel (2012) evaluate the ROM and exemplify the calculation of reserve option coefficients. They find that the break-even coefficients depend on the price of turkish lira and foreign exchange funds and the coefficients are sensitive to changes in the cost of funds.
The aforementioned papers present a theoretical perspective about the mechanism. It is also important to examine the effectiveness of the ROM from an empirical stand of view. Oduncu et al. (2013) is the first empirical paper in the literature. They basically estimate the effectiveness of the ROM on the exchange rate volatility using the GARCH model. They find that the ROM is an effective tool to decrease the volatility. Degerli and Fendoglu (2015) study the impact of the ROM on exchange rate expectations using the seemingly unrelated regression model. They find that the USD/TL expectations have exhibited lower levels of volatility after the implementation of the ROM. They also provide evidence that the ROM act as an automatic stabilizer of expectations. The newest paper is Aslaner et al. (2015) , which finds that Turkish banks are more sensitive to the cost of Turkish funding rather than foreign currency liquidity.They also argue that CBRT's adjustment of short term interest rates as a response to capital outflows undermines the stabilizer feature of the ROM.
Methodology
The synthetic control method (SCM) developed by Abadie and Gardeazabal(2003) is a new microeconometric technique that has been widely used for comparative case studies. Abadie and Gardeazabal (2003) implement the SCM to evaluate the effect of terrorism in Spain, Abadie et al. (2010) 
where Z j is a vector of independent variables, Θ t is a vector of parameters, φ j is a pair-specific unobservable, λ t is an unknown common factor, jt is a transitory shock with zero mean and D jt is a dummy variable that takes value 1 for the treated unit, 0 for the control unit. Then the treatment effect, τ 1t , can be estimated
Even tough Y I 1t = Y 1t are observable, the estimation of the treatment effect becomes complicated because of the unobserved control unit Y N 1t . Abadie and Gardeazabal (2003) consider a vector W = (w 2 , ..., w j+1 ) such that w j ≥ 0 for j = 2, ..., J + 1 and J+1 j=2 w j = 1. In the vector W, each element represents a weight that will be used to construct a potential synthetic control unit that is approximately same as the treated unit before the intervention. Hence, for the pre-intervention period (t ∈ [1,
where Z jt is a vector of observed covariates not affected by the intervention. Once W * is determined, the treatment effect at t = T 0 + 1, T 0 + 2, ... is estimated as
As mentioned above, the weights have to be chosen that the synthetic unit is almost same as the treated unit before the intervention. Let
.., Y 1T0 be a vector of pre-intervention characteristics for the unit j=1 and X 0 = (Z j , Y jt , ..., Y jT0 be a matrix of the same characteristics for the control units j [2, J + 1]. Then the vector W is chosen to minimize the distance between X 1 and X 0 W subject to w j ≥ 0 for j = 2, ..., J + 1 and w 2 + ...
In order to solve this minimization problem Abadie et al. (2007) introduce a diagonal and positive semidefinite matrix V such that the mean squared prediction error of the outcome variable is minimized over the control period. The choice of V is very crucial since each diagonal entry reflects the relative importance of pre-intervention characteristics.
Data
Our sample includes 14 emerging countries (Argentina, Brazil, Chile Colombia, Czech Republic, Hungary, India, Indonesia, Mexico, Poland, Romania, Russia South Africa, and Turkey) and the Euro group. These countries are selected since they have a similar pattern of current account deficits in the last decade. Our data set includes monthly observation of exchange rate, interest rate differential, inflation differential, asset The measure of exchange rate volatility is critically important since it will influence how well the synthetic unit approximates the treated unit. While year-over-year changes are too smooth, monthly changes are too volatile. Thus, I prefer using percentage changes of exchange rates from 3 months before as the volatility measure.
Exchange rates and inflation are obtained from the IMF. CDSs and interest rates are from Bloomberg.
Finally, asset transfer, which shows financial asset transaction data between the US and a home country, from the US Treasury TIC data. Asset transfers are normalized with monthly US personal income that is obtained from the BEA since monthly US GDP data is not available.
Results

The Choice of Control Period
The main purpose of this paper is to estimate the counterfactual trajectory of TR-USD exchange rate volatility by a convex combination of other currencies. This counterfactual is the hypothetical TR-USD exchange rate volatility which is assumed to would have existed if the Central Bank of Turkey had not adopted the ROM after 2011 October. Thus, the period between 2011 October and 2014 November becomes the treatment period. Choosing the appropriate control period is vital as the optimal weights of other currencies are estimated in the control period.
One approach in the literature is to use the whole period before the treatment as the control period.
However, it not easy to assume that the whole period before the treatment is the best control period to approximate the trajectory of TR-USD exchange rate volatility. Cheung et al. (2005) argues that even welldefined exchange rate models do not work in all sample periods. Thus, I implement a "rolling optimization" algorithm in order to find the appropriate control period. That is, regressions are run over a period window by keeping window size same, then the window is moved up one month forward until the treatment period.
The "rolling optimization " is implemented over 1-year, 2-year, 3-year, 4-year and full (the whole period before the treatment) control periods to find the best approximate of the treated exchange rate volatility. As Inoue (2012) argues the main issue in the optimization process is the explanatory power of the control period.
The explanatory power of control periods is measured by Root Mean Squared Prediction Erros (RMSPE)
3 that is provided after the SCM estimations. The smaller RMSPE is a sign of better approximation of the treated volatility. Additionally, I also check correlation and Adjust R 2 between the treated and synthetic volatility.
It is very important how the optimization works since the estimation of control unit weights and the synthetic exchange rate volatility purely depends on it. The optimization algorithm minimizes the difference between observed variables and the synthetic variable that is the weighted average of control units over the control period. While observed variables, which are shown with subscript j, are the actual observations of Turkey, the synthetic variable, which is shown with subscript k, are the weighted average of control countries'
observations. CP I j(k),t is the CPI based inflation differential at time t between the US and the country j (k), r j(k),t is the interest rate differential at time t between the US and the country j (k), Asset j (k) is the net asset transaction between the US and the country j (k) divided by US personal income, CDS j (k) is the CDS of country j (k) at time t. JP Y t is the TR-USD percent change from 3 months before at time t and S j,t is the weighted of control currencies' percent change from 3 months before at time t. The upper bar on variables represents a simple average over the control period. The optimization algorithm used for the estimation of optimal weights is as follows; min w2,...,wj +1
Among 380 control groups, I chose 2 periods from 1-year, 2-year, 3-year and 4-year control periods that have the lowest RMSPE, highest Adj 2 R and highest correlation. I also include full control period. The weights of the control currencies are estimated using predictor variables of the TR-USD exchange rate, which are interest rate spreads, asset transfers, CPI inflation differential, and the volatility of the TR-USD exchange rate at different periods. Both predictor variables and the outcome variable are well balanced during the optimization process between the synthetic control and treatment units. In other words, the difference between actual and synthetic values of these variables are very close to each other. The predictor balance over the optimization process and the importance of each variable are presented in Table 4 .
Importance of a variables represents the relative importance of each predictor variable, which are normalized weights in constructing the synthetic control units. Volatility of TR-USD exchange rate in different periods seem to be relatively important compared to the macro variables. While the normalized weight of macro variables are smaller than 1 percent, the volatility of TR-USD exchange rate in each month has a normalized weight of 10 percent on average.
Average Treatment Effects
In Figure 4 and 5, I calculate the average treatment effect of the reserve option mechanism by taking the difference between the actual and synthetic volatility TR-USD exchange rate. The positive(negative) sign of ATE stands represents that the ROM works efficiently (not efficiently). The effect of the ROM is evaluated as efficient when TR-USD exchange rate has a lower volatility. Thus, smaller depreciation and appreciation under the ROM will be both considered as efficient. However, there are some periods that while the actual TR-USD exchange rate depreciates, the synthetic one appreciates. For these periods, the absolute value of the volatility is taken and then the difference is estimated in order to be consistent with the evaluation criterion.
It is shown that ATEs are mainly positive until the FED's tapering in May 2013 and mainly negative after that. The average of ATEs until May 2013 is 2.5 percent and it becomes -1.15 afterwards, which is an evidence that the ROM works. These results confirm that the ROM had worked efficiently as an automatic stabilizer and decreased the volatility until the FED's Tapering. The findings here are consistent with those in Oduncu et al (2013) and Degerli and Fendoglu (2013) . I re-calculate the synthetic TR-USD exchange rate by including the credit swap defaults (CDS) as a predictor variable the findings are very similar. Likewise the first estimation, ATEs are mainly positive until the FED's tapering and they become negative afterwards.
While the average of ATEs until May 2013 is 2.28 percent, it becomes -1.34 afterwards. The alternative estimation with CDSs confirm my initial findings that the ROM had worked efficiently until May 2013.
The puzzle that why the ROM stopped working efficiently after May 2013 is worth investigating. Aslaner et al. (2015) investigate the the determinants of ROM utilization and find that foreign currency liquidity is not an important parameter for ROM utilization, which is in contrast to the mechanism of ROM. As argued in Alper et al (2013) , the ROM is expected to work as an automatic stabilizer if banks act accordingly with foreign currency liquidity constraint. They also argue that the policy induced movements in the short term interest rates may mitigate the efficiency of the ROM. Thus, the puzzle can be investigated by examining how the CBRT changed its short term interest rates after the FED's tapering. The CBRT has mainted a stable monetary policy between the implementation of ROM and the FED's tapering. It kept the policy interest rate, which 1 week repo interest rate and the interest corridor, which is overnight borrowing and lending interest rates around the same level. Thus, there was a small variation in interest rates during the efficient phase of the ROM. However, after August 2013, the CBRT started increasing short term interest rates to stop capital outflows, which is induced by the FED's tapering. The increase in the short term interest rates raised the cost of Turkish lira funding that is believed to be the important driving force of high ROM utilization of Turkish banks after the FED's tapering. As a result, the increase in short term interest rates during capital outflows deteriorated the automatic stabilizer function of the ROM.
A World without the FED's tapering
The puzzle caused by the CBRT's respond to capital outflows can be investigated by estimating the synthetic TR-USD exchange rate if the CBRT had not increased the short term interest rates. Since the ROM had worked efficiently between October 2011 and August 2013, this period can be used a control period and the synthetic TR-USD exchange rate can be re-estimated for the period after July 2013. Likewise, the length of optimization period is vital since the weights estimated in the optimization period will be used for the construction of synthetic TR-USD exchange rate. I re-optimze the control periods for different 1-year periods and full control period. The estimated RSMPE's and Adj 2 R s are given in Table 5 . Among 12 optimizations, the control period between 2012 M6 and 2013 M5 has the smallest RSMPE and relatively high Adj 2 R . The weights that are estimated using this control period are given in Table 6 . Thus, the synthetic volatility of TR-USD exchange rate can be calculated by the convex combination of Chilean Peso, Colombian Peso, the Euro, Hungarian Forint and Mexican Peso. The estimated weights are 0.136, 0.643, 0.049, 0.78 and 0.94, respectively. Predictor balance of the new optimization is given in Table 7 . Like the ROM optimization, most important variables for the optimization process are volatility of the exchange rate at different period rather than macro variables.
The volatility of actual and synthetic TR-USD exchange are plotted in Figure 7 . I also calculate the average treatment effect for the treatment period by taking the difference between the actual and synthetic volatility TR-USD exchange rate, which is shown in Figure 7 . ATEs are positive until the last two months, which confirms that the ROM would have worked efficiently if the CBRT had not increased short term interest rates systematically. The average of ATEs for the treatment period is 2 percent. When the estimation is iterated by including the credit swap defaults (CDS) as a predictor variable, I estimate similar results. Thus, the findings are robust.
Placebo Study
Using the SCM, I estimate the counterfactual USD-TR exchange rate volatility, which is percent changes from 3 months before, by a convex combinations of currencies of 10 different countries. There is a possibility that my estimation could be driven by chance. Thus, I run placebo tests to check the robustness of my estimates. The placebo test helps answering whether I would estimate similar effects if I had chosen a random country from the dataset.
Following Abadie and Gardeazabal (2003) and Abadie et al. (2010) , I estimate the synthetic exchange rate volatility for countries in the control group. If the placebo studies generate similar results for other currencies, then the volatility of USD-TR exchange rate was stabilized by other factors than the automatic stabilizer feature of the ROM. Otherwise, my results provide significance and robust evidence for the ROM's ability to decrease the exchange rate volatility. Table 8 shows pre RMSPE, post RMSP, the ratio of post and pre RSMPEs and average ATE for Turkish lira and other currencies. The average gap between the synthetic and actual volatility of the exchange rate is expected to be close or less than 0 for other currencies. Especially, Brazillian Real, Czech Krone and South
African Rand are of importance since their weights are different than 0 in the construction of synthetic volatility of USD-TR exchange rate. While the average gap is negative for Brazillian Real and South African Rand, it is very close to zero for Czech Krone. Based on the placebo tests, we can confirm that my estimation are robust in estimating the impact of the ROM on the exchange rate volatility.
The placebo test results for the tapering are shown in Table 9 . The average between rhe synthetic and actual volatility of the USD-TR exchange rate is 2 percent and the average gap for control currencies that are Chilean Peso, Columbian Peso, the Euro, Hungarian Forint and Mexican Peso should be smaller. As shown in Table 9 , the average gap for control currencies is smaller than 2 percent and is close to zero for the most of them. Another important measure is the post/pre RSMPE ratio and the ratio for Turkish lira is greater than control currencies. These results reveal that I chose the right control currencies in my optimization process. Thus, my estimation are significant and robust, which confirms that the ROM could have worked efficiently in the absence of the tapering.
Conclusion
The ROM is an important macroprudential tool, which has been used by the CBRT to stabilize the exchange rate volatility.It had worked efficiently and decreased the volatility of the USD-TR exchange rate Our results are consistent with the general view in the literature that the ROM can decrease exchange rate volatility. However, the ROM can work efficiently when CBRT does not change short term interest rate during capital outflows. The reason is that the behavior of the Turkish banks is strongly determined by the cost of Turkish lira funding. 
